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INTRODUCTION

This report presents linear-feature data mapped from computer-enhanced 
Landsat images and a preliminary lineament interpretation of the State of Utah 
south of 40° N. The purpose of this report is primarily a data release. 
Plate 1 shows the location of the study area and the linear features mapped. 
The procedures and terminology used in this report are discussed in detail by 
Sawatzky and Raines (in press, 1980). The term "linear feature" is used to 
mean a rectilinear or curvilinear feature on an image or photograph that is 
selected and mapped by a skilled photogeologic interpreter (Sawatzky and 
Raines, in press, 1980) and generally represents a rectilinear or curvilinear 
aspect of the topography of the area, such as, for example, a stream valley or 
an alignment of depressions. "Lineament" is used in this report to refer to 
an interpreted, linear geologic entity that is defined by linear concentra 
tions of linear features. Therefore, the lines on plate 1 are linear fea 
tures, plates 2-6 show selected examples of linear-feature maps, plates 7-11 
are linear-feature concentration maps from which lineaments are intepreted, 
and the lines on plate 12 are the lineaments that have been interpreted.

METHODS

This section briefly describes the methods used; the reader is referred 
to Sawatzky and Raines (in press, 1980) for complete discussions. The digital 
data for these Landsat scenes were processed to enhance tonal gradients (lin 
ear features), and the enhanced images were interpreted at a scale of 
1:800,000. Black and white images of all four spectral bands were used. A 
total of 8,730 linear features were observed with a total ground length of 
27,276 km. The linear-feature data were then digitized and statistically 
analyzed for preferred orientation using the procedures discussed in Sawatzky 
and Raines (in press, 1980). The statistics for the full data set are shown 
in appendix 1 and summarized in figure 1. Six intervals, where direction is 
measured from north in a clockwise direction from 0 to 350 degrees, are sta 
tistically significant at a 90 percent significance value, 349 (11° W.), 353- 
359 (7° W.-l° W.), 1-3, 6-15, 17-66, and 68-70. This orientation analysis 
shows which directions are statistically significant in the area considered as 
a whole. However, due to the large area including many diverse tectonic 
subelements and the nature of the statistic used to define preferred orienta 
tions, other geologically important trends or locally important trends in the 
data set may not have been defined.

In order to address this fact, the linear-feature data were subset ac 
cording to the tectonic elements defined by Kelley and Clinton (1960) and each 
subelement was statistically analyzed for preferred orientation. The subareas 
are outlined and named on plate 1 and the statistics for each are summarized 
in figure 1; the full direction histograms are in appendix 2.

From this orientation analysis of subareas, several additional trends 
were defined as statistically significant in many of the subareas. Combining 
these results with those from the full data set and from inspection of linear- 
feature plots, such as shown on plates 2-6, five intervals were selected as 
having significance for this regional analysis. These intervals are as fol 
lows: (1) 18-66, (2) 351-15, (3) 330-350, (4) 300-330, and (5) 270-295 and 
85-90. Intervals 3, 4, and 5 come exclusively from the subarea statistics. 
The spatial concentration of linear features in these five intervals was then
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Figure 1.—Statistical summaries of the trends for the whole data set, various 
tectonic subelements, including various basins and uplift groups. The 
intervals shown are only those that were statistically significant at a 
90% significance value for the length-weighted analysis. The length- 
weighted analysis was selected because it generally includes all of the 
trends from the unweighted analysis plus a few additional trends, and it 
can group trends that are separate in the unweighted analysis. The 
geographic extent of each subelement is as defined by Kelly and Clinton 
(1960) and is shown on plate 1. The uplifts consist of a group defined 
by those subelements with both east-west and northwest trends and include 
the Uncompahgre Uplift, Monument Upwarp, Capitol Reef Fold Belt, and the 
San Rafael Swell. Basins A includes the following basins and transi 
tions: White Canyon Slope, Blanding Basin, Piute Fold Belt, Kaibito 
Saddle, Henry Basin, and Circle Cliffs Uplift. Basins B includes those 
basins without east-west trends and with northwest and northeast 
trends: Paradox Fold-Fault Belt, Piute Fold Belt, and Kaiparowits 
Basin. Basins C includes those remaining basins with east-west trends: 
Blanding Basin, Henry Basin, and Capitol Reef.
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computer-contoured to prepare plates 7-11. The spatial concentration is the 
length of selected linear features per 3.5 km unit cell.

From inspection of plates 7-11, linear spatial concentrations of linear 
features are apparent. It is important to realize that the numbers contoured 
are relative concentrations; therefore, the highs and lows, not the magnitude, 
are considered important. These linear spatial concentrations of linear 
features are here defined to be the representation of lineaments, and plate 12 
shows the interpreted lineaments. The lineaments in plate 12 are generally 
drawn down the centers of the highs in plates 7-11; these lineaments represent 
the linear concentrations in a simplified fashion. The lineaments shown as 
solid lines are well expressed, and those shown as dashed lines are suggested 
but poorly expressed by these data. We should also point out in this analysis 
technique that, for example, northeast-trending lineaments were only defined 
by northeast-trending linear concentrations of northeast-trending linear 
features.

One final aspect of the data is from the orientation analysis of the 
subareas; certain groupings of subareas on the basis of sets of trends were 
observed. The statistics for these groups are shown in figure 1 as uplifts, 
basins A, basins B, and basins C. If the subelements are grouped on the basis 
of (1) those containing northwest and east-west trends, and (2) those without 
this pair, the following subelements are selected: the Uplifts Group, Uncom- 
pahgre Uplift, Monument Uplift, Capitol Reef Fold Belt, and the San Rafael 
Swell, the Basins A and B group. Transitional areas between basins and up 
lifts are arbitrarily excluded. The High Plateau-Basin and Range area is also 
arbitrarily excluded because it is not fully included in the data set, and it 
is so large a subarea that it is statistically like all of southern Utah. 
Accepting these two arbitrary exclusions, this classification essentially 
subdivided the study area into two classes: the uplifts with northeast, 
north-northwest, and east-west statistically significant trends of linear 
features, and the basins with northeast statistically significant trends but 
without the northwest-east-west combination. Only the Circle Cliffs Uplift 
and the Capitol Fold Belt Reef are misclassified by this classification 
scheme.

Basins B and C are other groups that were observed. Basins B consists of 
the Paradox Fold-Fault Belt, the Piute Fold Belt, and the Kaiparowits Basin, 
all of which have northwest and northeast trends without east-west trends. 
Basins C consists of the Blanding Basin, Henry Basin, and Capitol Reef Fold 
Belt, all of which are basins with east-west trends, and not in the Basins B 
group. Other groups could, of course, be found.

PRELIMINARY INTERPRETATION

The purpose of this section is to present some observations concerning 
the lineaments of plate 12 and the orientation statistics in figure 1 with 
regards to geologic structures in this region. These observations are con 
sidered to be preliminary, but a possible starting point for a geologic ana.ly- 
sis of these interpreted lineaments.

Considering the statistical orientation analysis of the full data set, 
north- and northeast-trending linear features form the only statistically 
significant intervals. In all of the subareas, northeast trends are statisti 
cally significant and north-south trends are significant in most. Thus, these 
two trends are so strong that they overwhelm the other possible trends when



the whole data set is analyzed. For subelements, however, northwest- to 
north-northwest trends are almost always statistically significant and east- 
west trends frequently occur. Spatially, the linear features of the northwest 
interval are insignificant in the southeast corner of the area and form the 
strongest trends in the northern half of the area. The linear features of the 
north-northwest trends are best developed in the southwestern part of the 
area. The linear features of the east-west trends occur most frequently 
between 37° to 39° N. latitude.

The north-trending lineaments occur primarily in the eastern half of the 
area and are not understood at present. However, they may be related to the 
Toroweap and Oak Creek fault systems described by Shoemaker, Squires, and 
Abrams (1978).

The east-west lineaments appear to be continuations of the east-trending 
structural lineaments of central Nevada described by Ekren and others 
(1976). Ekren and others (1976) show that these lineaments in Nevada are of 
pre-Oligocene origin, are associated with lithologic boundaries, range and 
valley termini, caldera boundaries, and strong magnetic interruptions, and 
probably involve deep-seated crustal control. On the east, east-west linea 
ments may be related to the Maysville fault zone that forms the southern 
termination of the north-trending upper Arkansas River graben (Van Alstine, 
1968; Knepper, 1974). The latest movement (Pleistocene) on the Maysville 
fault is down to the north.

The north-northeast-trending lineaments west of 111°30' longitude are 
spatially associated with the Wasatch-Sevier-Hurricane fault zones and are 
part of the Basin and Range Province (Eardley, 1968). These lineaments have 
the same general spacing, however with a more north-northeast trend, as those 
with a northeast trend in eastern Utah. Are these two groups of lineaments 
related?

The northeast-trending lineaments in eastern Utah are continuous with the 
Bright Angel and Mesa Butte fault systems described by Shoemaker, Squires, and 
Abrams (1978) and probably also the Sinyala fault system. They state that 
these three fault systems are zones of faulting about 10 mi wide, seem to 
control Cenozoic volcanism, are associated with recent earthquake epicenters, 
had experienced repeated movement of various types from the Precambrian to the 
Holocene, and owe their origin to major Precambrian fault zones similar to the 
Shylock and Chaparral fault zones in central Arizona as described by Anderson 
aand Creasey (1967).

The northeast-trending lineaments occur within the Colorado Lineament of 
Warner (1978) that includes the Colorado Mineral Belt shear zones of Tweto and 
Sims (1963) and the Mullen Creek-Nash Fork Shear Zone of Houston and McCallum 
(1961). Warner (1978) presents data that suggest that his Colorado Lineament 
extends to the Great Lakes area. A northeastward continuity of the various 
lineaments involved is supported by the work of Raines (1979) in South Dakota 
and by the work of Shurr (1979; personal commun., 1978) in the Williston Basin 
and into Wisconsin. However, the lineaments defined in this study, results of 
similar studies in Mexico (Raines, 1978; Raines and others, 1978) and central 
New Mexico (Knepper, 1978), and work in progress in Arizona and the Powder 
River Basin by Raines and in the San Juan Basin by Knepper (personal commun., 
1980), contradict Warner's conclusion that these northeast-trending lineaments 
are restricted to a Precambrian wrench fault system that formed along a conti 
nental plate margin. Simply stated, the tectonic pattern of northeast- 
trending lineaments, probably related to shear zones that Warner attributed to



his Colorado Lineament seem to occur systematically from Hermosillo, Mexico, 
at 29° N. latitude, across Arizona, New Mexico, and Utah, and into the Powder 
River Basin at least as far north as 46° N. latitude. This pattern seems too 
wide for a simple wrench fault system; it must represent a more complex re 
gional tectonic phenomena of which Warner's Colorado Lineament is a part.
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APPENDIX 1 

Statistical data for area south of 40° N., Utah
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Directional histograms for subelements
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